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ABSTRACT: 

PURPOSE: To harden the outer peripheral surface of a bent work to a uniform 
hardness, by heating and hardening the outer peripheral surface of the bent 
work such as a crank shaft having different rotation centers while it is 
rotating on its own axis with a loop-shaped high frequency induction coil 
having an internal shape which is nearly equal to that of the bent work. 

CONSTITUTION: A bent work 1 of irregular shape such as a crank shaft is 
attached to the top end of a supporting rod 14 which revolves around the 
rotating axis 13 and the work 1 is rotated on its own axis. The bent work 1 is 
heated by a high frequency induction coil 7 and is quenched in a cooling fluid 
15. The high frequency induction coil composed of a pair of circumferential 
coils 8, 8' and a pair of axial coils 9, 9', and both the coils are connected 
alternately and surround the work 1 . The axial coils 9, 9' are nearly equal in 
shape to the outer peripheral breadth of the outer peripheral locus of the work 
1 , the locus which becomes most distant from an axis 2 when the work 1 rotates 
around the center axis 2. The outer peripheral surface of the work 1 which 
rotates on its own axis is heated uniformly, hence it is hardened to a uniform 
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' hardness all over the work 1 . 
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PTO: 2006-3020 

Japanese Published Unexamined (Kokai) Patent Publication No. 55-065320; Publication 
Date: May 16, 1980; Application No. 53-139182; Application Date: November 10, 
1978; Int. CI. 3 : C21D 1/62 1/10 1/42 H05B 6/36; Inventor: Masayuki Kayahara; 
Applicant: Fuji Denshi Kogyo K.K.; Japanese Title: Koushuuha Hyoumen Yakiire 
Houhou narabini soreni Mochiiru Ruupujou Koushuuha Dendou Koirutai (High 
Frequency Surface Quenching Method and Loop-Shaped High Frequency Induction Coil 
Used Therefor) 

Specification 

1. Title of Invention 

High Frequency Surface Quenching Method and Loop-Shaped High Frequency Induction 
Coil 

2. Claim(s) 

1 . A high frequency surface quenching method, characterized in that while a work 1 that 
is a variously bent article having various axial cores is self-rotated, the outer 
circumferential surface of the work is heated with a loop-shaped high frequency induction 
coil 7 being comprised of axial core circumferential direction pieces 9 and 9' that 
approximate along the width of the surface on an outer circumferential orbit of the work 
to be most far from the central axis of the work during the self rotation of the work and 
circumferential direction coil pieces 8 and 8' connected to the circumferential direction 
pieces 9 and 9'; after the heating, the outer circumferential surface of the work is cooled 
so as to obtain an almost uniform hardened surface layer throughout the width of the 
outer circumferential surface of the work at once. 



2. A loop-shaped high frequency induction coil used for a high frequency surface 
quenching method, characterized being comprised of axial core direction coil pieces 9 
and 9' almost vertically symmetrical to the axial line of a central axis 2 and semi-circular 
circumferential direction coil pieces 8 and 8' that are connected to both ends of the axial 
direction coil pieces 9 and 9' along the outer circumferential surface of both ends of a 
work 1, while being approximated along the width of the surface on an outer 
circumferential orbit of the work to most far from the central axis 2of the work during a 
self rotation of the work 1 that is a variously bent article having various axial cores; in 
that a hardened surface layer almost uniform throughout the width of the outer 
circumferential surface of the work is obtained at once. 

3. Detailed Description of the Invention 

This invention pertains to a high frequency surface quenching method for cooling 
the outer circumferential surface of a variously bent work having various axial cores after 
it has been heated using a loop-shaped high frequency induction coil and to the loop- 
shaped high frequency induction coil used therefor. A carburization quenching method is 
generally used as a method for quenching a variously bent work having various axial 
cores, such as a crankshaft. At the carburization quenching method, the work 
demonstrates high performance to fatigue strength as carburization steel is used and as a 
hardened surface layer continued to the outer surface is obtained in the quenched work. 
On the other hand, the carburization method is obviously disadvantageous in terms of a 
cost saving because of the use of carburization steel. Accordingly, a high frequency 
surface quenching method using a steel material at a cost lower than that of carburization 
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steel, such as carbon steel or low alloy steel, is finally used. Since the shape of the work is 
extremely complicated as described above and since the difference in the distance or 
thickness from the central axis as the rotating center is large, it is not possible to almost 
uniformly quench the whole outer circumferential surface of the work at once using a 
conventional split type or loop-shaped high frequency induction coil. More specifically, a 
uniform heating using a split type coil wound around the whole outer circumference of 
the work while it is almost approximated thereto is not possible. At a loop-shaped high 
frequency induction coil approximated to the orbit of the outer circumference of the work 
to be most far from the central axis at a complicated self rotation of the work, the 
difference in the temperatures of the work part most approximated to the coil and the 
most remote part is large. For this reason, a quenching of the surface is assumed to be 
impossible. 

In consideration of the disadvantages as described above, the present invention is 
produced to offer an extremely innovative high frequency surface quenching method that 
can obtain an almost uniform hardened surface layer on a variously bent work, in which 
the surface quenching is previously not possible, by cooling it after it has been heated 
using a high frequency induction coil made from a steel material at a cost lower than that 
of carburization steel, such as carbon steel or low alloy steel, and offer a loop-shaped high 
frequency induction coil used therefor. 

The invention is described hereinbelow with reference to the drawings. 

Fig.l is a schematic diagram illustrating a working example of the invention. 
Fig.2 illustrates a route of current generated by the invention. Fig.3 is a top view 
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illustrating a loop-shaped high frequency induction coil of the invention, being provided 
on a work. 

The method of the invention is described with reference to the working example 
of the invention. In Fig.l, while a support rod 14 that revolves using a spindle 13 is 
revolved once, a variously bent work 1 supported with the support rod 14 is heated and 
cooled while being self-rotated (henceforth referred to as a rotary type). The current from 
a high frequency generator 10 heats the entire outer circumferential surface of the work 1 
at once using a loop-shaped high frequency induction coil 7 of the invention, which is 
along the width of the surface on an outer circumferential orbit of the work that is to be 
most far from the central axis of the work during a self-rotation thereof. After this, the 
support rod 14 rotates by 120° to immerse the work 1 in a cooling solution 15 while the 
work is being griped. The cooling can be performed at once by providing a cooling 
solution ejecting jacket (as not shown in the drawing) in the cooling solution or by using 
the ejecting jacket alone. With this rotary type, a heating and cooling is automatically 
applied to improve the work efficiency. The invention is not limited to the rotary type 
alone and can be any types as long as a heating and cooling is applied. 

According to the rotary type, it is optimal that the high frequency induction coil 7 
is placed at almost 180° along the curvature of the outer circumferential orbit of the work 
being self-rotated. Thus, the heating period is reduced while the outer circumferential 
surface of the work is uniformly heated. At the rotary type that performs the heating and 
cooling during a single rotation of the support rod 14, an unnecessary cooling period is 
not required to the cooling, thereby reducing the tact time to improve the processing 
efficiency. 
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As described above, as the invention is not limited to the rotary type, the angle of 
the high frequency induction coil 7 is not limited to 180° as well. 

At conduction of high frequency current of the high frequency generator 10 to the 
loop-shaped high frequency induction coil 7 of the invention, which is wound around the 
self-rotating work 1, as shown in Fig.2, the high frequency current is conducted from the 
input terminal to the loop-shaped high frequency induction coil. In a certain moment, the 
current flows in an arrow A direction and directs to the output terminal. At the same time, 
induction current in an arrow B direction, which is completely opposite of the high 
frequency current, is generated inside the self-rotating work 1 close to the outer 
circumferential surface. Because this induction current flows uniformly along the inside 
the outer circumferential surface of the work, the outer circumferential surface of the 
work is almost uniformly heated. 

According to the invention, a part of the work can be quenched using a high 
frequency. 

The loop-shaped high frequency induction coil used for the method of the 
invention is described next based on Fig. 3. Reference number 1 refers to the variously 
bent work like a crankshaft for a compressor, wherein an axial unit 3 having a central axis 
2, an eccentric unit 4 having an eccentric axis to the central axis 2, and an inclination unit 
6 between the axial unit 3 and the eccentric unit 4 are integrally formed. The tip of the 
work 1 is gripped with a chuck 6. The work 1 also self-rotates putting the central axis 2 of 
the work as a center using a driver (as not shown in the drawing) located at the rear of the 
chuck 6. Reference number 7 is the loop-shaped high frequency induction coil that almost 
uniformly heats the outer circumferential surface of the work 1 at once, which is 



comprised of a pair of circumferential direction coil pieces 8 and 8' and a pair of axial 
direction coil pieces 9 and 9'. The two types of coil pieces are alternately connected to 
wind around the work. The vertical cross-section of the high frequency induction coil 7 is 
in a circular or rectangular shape and formed so that a cooling solution flows in a hollow 
part. The circumferential direction coil pieces 8 and 8' are formed in an almost semi- 
circular shape on both ends of the work. A terminal for conducting current of the high 
frequency generator 10 is provided on one circumferential direction coil piece 8. 
Reference number 1 1 refers to an insulating Teflon material that is provided on the center 
of the circumferential direction coil piece 8 containing the terminal. The axial core 
direction coil pieces 9 and 9' are formed into a shape close to the width of the surface on 
the outer circumferential orbit of the work to be most far from the central axis 2 when the 
work 1 self-rotates putting the central axis 2 as a center and arranged almost vertically 
symmetrical to the axial line of the central axis, having predetermined intervals as 
similarly to as in the circumferential direction coil pieces. A core for reinforcing or 
uniformizing the heating can be sometimes added to a part of the outer most 
circumferences of the coil pieces 8, 8', 9 and 9'. 

As described above, according to the invention, while the variously bent work is 
self-rotated, the surface of the work is heated and then cooled using the loop-shaped high 
frequency induction coil that is in the form along the width of the surface on the outer 
circumferential orbit of the work to be most far from the central axis during the self- 
rotation. Thereby, the surface of the variously bent work is quenched using steel materials 
at a lower cost than that of cement steel, such as carbon steel or low alloy steel, which is 
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an innovative quenching method. A surface curing layer continued to the work can also 
be obtained. Therefore, the fatigue strength of the work is rapidly increased. 

4. Brief Description of the Drawings 

Fig.l is a schematic diagram illustrating a working example of the method of the 
invention. Fig.2 illustrates a route of current generated by the invention. Fig.3 is a top 
view illustrating a loop-shaped high frequency induction coil of the invention, being 
provided on a work. 

I. ..Work 

2... Central axis 
3... Axial part 
4... Eccentric part 
5... Inclined part 
6... Chuck 

7. . .High frequency induction coil 

8 and 8' . . .Circumferential direction coil pieces 

9 and 9' . . .Axial direction coil pieces 
10. . .High frequency generator 

I I . . .Insulating material 
13... Rotating axis 
14... Support rod 

15... Cooling solution 
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A. . .High frequency current 

B . . .Inductive current 
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